Since Schere (1952) described the agglutination of L cells by dermovaccinia virus infection several reports served to make clear some of the basic characteristics of this phenomenon. Rendall (1957) and Tagaya et al.(1959) isolated independently mutant strains of dermovaccinia which grow in L cells and observed that the appearance of cell agglutination by these viruses was not different from that by the original dermovaccinia strains which did not show full growth in this cell strain. Mayyasi et al.(1959) and Brown et al.(1959) described that the cell agglutination was caused by virus particle itself, but neither by soluble antigens nor by any other components of virus, and that the agglutination colud be inhibited by specific antibody and was independent of infectious virus growth and perhaps of noninfectious virus synthesis. A possibility to make antibody titration by the inhibition of cell agglutination was also suggested ). Nishmi and Bernkopf (1958) reported a similar action of dermovaccinia virus on human, mouse leucocytes and macrophages, and Bernkopf et al. (1959) described another similar action on human amnion cell cultures, which was caused by ultravioletinactivated virus as well as by active virus.
Since Schere (1952) described the agglutination of L cells by dermovaccinia virus infection several reports served to make clear some of the basic characteristics of this phenomenon. Rendall (1957) and Tagaya et al.(1959) isolated independently mutant strains of dermovaccinia which grow in L cells and observed that the appearance of cell agglutination by these viruses was not different from that by the original dermovaccinia strains which did not show full growth in this cell strain. Mayyasi et al.(1959) and Brown et al.(1959) described that the cell agglutination was caused by virus particle itself, but neither by soluble antigens nor by any other components of virus, and that the agglutination colud be inhibited by specific antibody and was independent of infectious virus growth and perhaps of noninfectious virus synthesis. A possibility to make antibody titration by the inhibition of cell agglutination was also suggested ). Nishmi and Bernkopf (1958) reported a similar action of dermovaccinia virus on human, mouse leucocytes and macrophages, and Bernkopf et al.(1959) described another similar action on human amnion cell cultures, which was caused by ultravioletinactivated virus as well as by active virus.
In this communication the authors intended to apply the nigrosin staining (Kaltenbach et al.1958) for the quantitation of the cytotoxic effect (CTE) of dermovaccinia virus on L cells and to analyze CTE of active and inactivated virus particles by this technique. The formation of viral antigens in cells submitted to CTE and the histopathological reactions of the rabbit skin caused by inactivated virus inoculation were also investigated.
MATERIALS AND METHODS 1 ) Virus : A dermotrope vaccinia virus, Dairen-I strain, adapted to the chorioallantoic membrane (CAM) of the fertile chicken egg was used as the virus source at from 10 th to 15 th passage level (DIE strain).
Where not specified, virus from infected CAM's was partially purified with 2 cycles of fluorocarbon (trichlorotrifluoroethane, Daiflon-S3,*) treatment followed 277 TAGAYA et al. Vol.16 by supercentrifugation after the method described by Epstein (1958 L cells cultured in square tubes and flattened tubes were inoculated with an input multiplicity of approximately 10 PFU/cell. At intervlas the degree of cell agglutination was observed by phase contrast microscopy and an aliquot of the infected cultures (3 tubes each) was harvested to examine the ratio of nigrosin-stainable cells to the total cells. As illustrated in Figs.1 to 3, cell agglutination became apparent as early as 3 hours after infection and seemed to be completed within the subsequent 6 hours. On the other hand, as shown in Text- Fig.1 , an increase in nigrosin-positive cells was recognized around 9 hours after infection and became remarkable during the next 9 hours, and at the end of that period (18 th hour after infection) per cent nigrosinpositive calls reached the maximum. Control tubes checked for nigrosin-stainable cells before and 3,12 and 24 hours after infection showed nearly the same level of stained cells, indicating that the manipulations taken for the inoculation afforded no important effect on cell physiology. The figures of cell agglutination as observed macroscopically were nearly the same in both square and flattened tubes. It was thus suggested that a change in the susceptibility of L cells to nigrosin might coincide with certain cellular alterations caused by virus infection not necessarily accompanied with the replication of infectious particles. As seen in Text- Fig.1 , nigrosin-positive cells did not amount to 100 per cent at the 24 th hour of infection, although macroscopic observation gave an impression that nearly all the cells were involved. The range of percentage of nigrosinstainable cells in infected tubes varied from about 70 to 95 throughout the experiments, while that in control cultures fluctuated from a few percent to about 10 per cent. In this connection, the corrected per cent of nigrosin-stainable cells was calculated for the presentation of further experimental data. Fig.3 .
Effect of antiserum on the CTE of vaccinia virus on L cells. medium was discarded and the cell sheet was washed with 3 changes of Hanks-PBS (+) to minimize surface virus. One ml o the maintenance medium containing 10% antivaccinia rabbit serum was added to each tube and the tubes were reincubated. Twenty-four hours after infection cells of all tubes were stained and examined. As shown in Text- Fig.3 the ratio of nigrosin-stained cells increased linearly in correlation with the intervals between the initiation of infection and the addition of antiserum up to the 5 th hour, indicating that antiserum inhibited the development of CTE, when it was added within 5 hours after infection.
Microscopical observations of the same materials revealed that the cell agglutination became remarkable after 3 hours' incubation with virus, but during the initial 2 hours following infection it was very slight. This may suggest that, for the appearance of CTE caused by vaccinia virus, viral invasion into the cell or the virus-cell interaction unaffected by immune serum would be essential. Considering that the percentage of nigrosin-positive cells in the tube cultures, to which immune serum was added 5 hours after infection, was nearly the same as that obtained by the preceding experiments, it appears that viral invasion might have been almost completed around the 5 th hour of infection. Twenty-four hours after infection, coverslips were taken out of the tubes and the cells were fixed with dry acetone, then stained with fluorescent antibody by the indirect method as described before. As illustrated in Figs.4 to 6, contents of antigen stained by fluorescent antibody in agglutinated cells were considerably different. All cells agglutinated by IHD strain contained antigen fully in the cells, whereas in the cells infected with VL and DIE strains only a small portion of the cells in an agglutination clump showed the existence of antigen.
The ratio of fluorescent cells to the total cell number in agglutination clumps seemed to be related to the ability of virus strains to grow in L cell. These findings might serve to exemplify that cell agglutinacaused by vaccinia virus is not necessarily related to the formation of viral antigen within the cell.
Production of Soluble Antigen in L Cells Infected
with Ultraviolet-Inactivated Virus DIE virus suspension from infected CAM's was spun by one cycle of low-speed centrifugation and supercentrif ugation, and the pellet was suspended in an amount of PBS equivalent to 1.0 ml/CAM in terms of the starting material. The virus suspension was irradiated with ultraviolet light for 15,30, or 60 seconds as described before. Each batch of the irradiated virus suspensions was inoculated on L cells cultured in bottles in the same dilution as to give 5 PFU/cell in terms of the original virus infectivity. The development of cell agglutination and the reproduction of complement fixing antigen in both cell and culture media were traced.
As shown in Text- Fig.4 , there was a significant increase of CF antigen released in culture media which seemed to have a relationship to the time of irradiation of the inocula. The appearance of cell-agglutination was also delayed in correspondence with the time of irradiation of the inocula. Microscopic observation of stained cells revealed the existence of a considerable amount of nigrosin-positive cells, which cannot be accounted for by such a low multiplicity of infection in terms of active virus. Thus it was suggested that UV-inactivated virus played a role for the occurrence of CTE on L cells as revealed by nigrosinstaining, and that a certain process of virus cell interaction should have taken place by UV-inactivated virus infection.
Relationships between the Time of UV-Irradiation and CTE Caused by Irradiated Virus
Fluorocarbon-treated virus was irradiated with UV for various periods up to 120 seconds and inoculated on L cells with an input multiplicity of infection 5 PFU/cell in terms of the original inf ectivity. Appearance of CTE 24 hours after infection was examined by nigrosin staining. Results are shown in Fig.5 in comparison with the inactivation curve of infectious virus. UV-irradiation of virus particles up to 20 seconds did not significantly reduce the rate of damaged cells per total cells, while infectivity dropped to 1/100,000. When virus was irradiated more than 30 seconds, a rapid loss of cytotoxic effect was observed. Another interesting finding in this experiment was Vol.16 that cells stained slightly both in the nucleus and cytoplasm were observed in the cultures inoculated with virus particles irradiated 30 to 120 seconds, amounting from 30 to 40% of the total cells. Such a staining character differed clearly from the typical one of degenerated cells, but it may also implicate a kind of cell damage caused by inactivated virus particles, which will be discussed in a separate section. Virus particles were inactivated by the methods indicated and inoculated onto L cells after being adjusted to give the same multiplicity of ca.20 PFU/cell (Exp. A),5.2 PFU/ cell (Exp. B-I) or 52 PFU/cell (Exp. B-II) in terms of the original inf ectivity. Cytotoxic effect was examined by nigrosin staining 24 hours after inoculation and per cent nigrosinpositive cell was calculated, taking that of non-infected control cultures as 0 and that of the cultures infected with intact virus as 100. reaction which increased gradually up to 4 days after infection. In contrast, no virus growth could be found at the site inoculated with two kinds of the inactivated virus, but the UV-inactivated virus revealed a characteristic skin reaction, having its maximum 24 to 48 hours after infection, which differed essentially from the ever increasing reddening accompanied by induration at an active virus-infected spot. Neither heat inactivated virus nor PPS showed any recognizable skin reaction. Starting from the same material (fluorocarbon-treated rabbit skin virus), 3 kinds of inoculum were prepared and 0.2 ml each was inoculated intradermally into several spots of the back skin of rabbits.
Active virus was diluted to exclude any direct reaction caused by a large amount of inoculum. * Expressed by PFU/spot in terms of the original infectivity before inactivation .
Histological examinations revealed that the skin inoculated with UV-irradiated virus showed cell infiltration and congestion as early as 3 hours after infection and such a change reached its maximum at 24 th hour. The regeneration was recognized after 72 nd hour. Heat-inactivated virus hardly gave rise to any pathological changes except tiny infiltrative foci and necrotic changes of epithelium at 24 th hour which became unrecognizable after 48 th hour. Acute inflammatory change caused by the inoculation of active virus became apparent after 96 hours.
Examples of these preparations are illustrated on Figs.7 to 10. The data seem to suggest that UV-inactivated vaccinia virus can give rise to a certain reaction in the rabbit skin, which might be initiated by the cytotoxic effect of the virus as observed in vitro.
DISCUSSION
Since Scherer (1952) reported on the agglutination of L cells by vaccinia virus, the differentiation of this phenomenon from CPE caused by the reproduction of inf ective particles has been a principal line of investigations (Randall, C.,1957 : Nishmi & Bernkopf,1958 Tagaya et al.,1959) . The fact that virus particle itself causes L cell agglutination was also established. The present authors analysed the phenomenon by employing nigrosin staining and revealed that cytotoxic effect caused by vaccinia virus on L cells could be differentiated as two stages ; i. e. cell agglutination as reported by Scherer and the development of nigrosin-stainability. The agglutination of cells developed in an early phase of infection, i. e. it began to be observed at 3 rd hour of infection and was completed within subsequent 6 hours. On the other hand, time course of the development of nigrosin-stainability of infected cells indicated that up to 6 hours after infection no difference in the percentage of nigrosin-stainable cells was observed between the infected cultures and the control, while a rapid increase of nigrosin-positive cells occurred from 9 th to 18 th hour after infection , showing a plateau thereafter.
At this time about 70 to 80 per cent of the total cells was nigrosin-positive. As shown in Text- Fig.2 a close relationship was observed between the degree of CTE (cytotoxic effect) in terms of % nigrosin-stainable cells and the multiplicity of infection (input PFU/cell), suggesting one virus particle effectively absorbed on a cell can cause cytotoxic effect which can be detected by nigrosin staining (Fig.2) .
The reason why a small portion of cells remains unstainable by nigrosin even with a high multiplicity of infection such as 15 or 18 PFU/cell remains to be elucidated. The difference in the development of these two phenomena, i, e. cell agglutination and nigrosin-stainability, appears to suggest that different mechanisms might account for the development of the phenomena.
Change in surface structure of infected cells appears to be responsible for the agglutination, which is completed in the early stage of infection, while change in permeability of the cell wall is considered to be manifested by a certain delayed change in cell activity as the result of an interaction of adsorbed or penetrated virus particles with the cell. It is probable that the same effect will account for both phenomena, the change in surface structure of cells being an early expression and the demage of cell permeability being a delayed one of injured cell activities. In the course of experiments concerning the effect of immune serum on the development of cytotoxic activity and the action of UV-inactivated virus on L cells, the authors recognized that a high proportion of cells stained in cytoplasm faintly with nigrosin. In the present experiments any efforts were not paid to elucidate such a faint staining in cytoplasm, but it is probable that this fact implies an incomplete cytotoxic effect by virus-cell interaction, indicating an alternative that on further incubation such slightly damaged cells may turn out typically nigrosin-positive cells or recover themselves to nigrosin-negative ones.
By fluorescent antibody technique the stock virus of strain DIE proved to be composed of mixed population, the one which can reproduce itself in L cells and the other which cannot produce any detectable antigens in these cells, although the same cytotoxic effect can be induced by both fractions of virus. Out of 18 disctete pocks produced by DIE strain on CAM of 12-day eggs,16 showed no fluorescent cell when infected onto L cells, whereas 2 clones showed nearly the same ratio of fluorescent cells as was observed in the case of VL strain, which was obtained by a long-term infection of L cells with DIE virus. Considering the sensitivity of immuno-fluorescence technique, it will be reasonable to take the absence of fluorescent cell in the culture as an evidence of the lack of growth of matured virus and/or full antigens. As reported by other investigators the cytotoxic effect of vaccinia virus on L cells is considered to be independent of the reproductive capacity of the virus within the cells , and the present experimental results suggest that a certain change in cellular physiology may be involved in the cytotoxic effect of the virus. 
SUMMARY
Cytotoxic effect (CTE) of dermovaccinia virus on Earle's L cell was investigatedd employing the staining with nigrosin as a measure of quantitative description of CTE. The cell agglutination and change in stairiability of cells with nigrosin could be separatedd from each other in the time course of their development.
The experimental data suggested that CTE as demonstrated by the nigrosin staining was manifested by some interaction of cells with adsorbed virus, which took place during several hours after adsorption.
CTE analogous to that caused by active virus was also demonstrated by UVinactivated virus. Too long an irradiation seemed to eliminate this ability. Inactivationn with heat, periodate and a bacterial protease destroyed this activity. Effect of UVinactivated virus on the rabbit skin was discussed in comparison with the inflammatory changes caused by active virus multiplication. 
